The recent development of special apparatus coupling electroanalytical cells directly to UHV surface analytical chambers has made possible definitive determination of structure-property relations for processes at metal electrode surfaces. The results have been surprising. The process of submonolayer metal ion deposition (so-called underpotential deposition) exhibits unexpected sensitivity to long-range order in the substrate, indicating that lateral bonding forces are of the same magnitude as the perpendicular bonding force. On a well-ordered Pt(111) surface, unexpected new surface processes have been observed that are uniq~ato this surface, i.e. are not seen on ~ither (lOOY or (110) surfaces, nor on polyc~stalline surfaces. It appears that the new processes are associated with atomically flat regions of the (111) surface with a critical region size that is quite large, at least 2 nm. It is suggested that cooperative interactions in the double-layer form a critical ensemble that react to form the new surface species. However, much further study utilizing in-situ spectroscopy will be required to understand this new surface process in Pt(lll). 
INTRODUCTION
Within the last decade, a number of electrochemical research groups around the world have developed a new type of research apparatus uniting UHV surface analytical techniques with electroanalytical cells (1) (2) (3) (4) (5) (6) . At the same time, Clavilier and co-workers (7) (8) (9) ) developed what we now call the "bead-method" for preparing clean, well-ordered surfaces of the low-index planes of platinum and gold by laboratory methods (not requiring UHV systems and the usual methods of ion-sputtering and thermal annealing).
Independent analyses of the structure of "bead-method" surfaces with LEED. by other ,groups. has confi rmed the· clean; ordered' structure of these surfaces. The development of the bead-method has enabled a larger spectrum of elJctrochemists (not having or wanting UHV systems) to contribute in a meaningful way to single crystal electrochemistry.
Together, the combined progress produced by these developments in experimental methods has made possible the definitive determination of structure-property re-iations for a number of electrode processes at metal surfaces. The growth in the number of such studies has been so rapid in recent years that it is not possible to review them all here without doing injustice to some important areas. Instead, I will emphasize new results from the study of selected electrode processes at the low-index surfaces of platinum that have come out of several laboratories world-wide in the last decade. In particular, I will review: i.) surface structure transformations produced by anodic film formation; iio) evidence for strong lateral interaction in submonolayer metal-ion deposition (or underpotentia1 deposition, UPD) processes; iii.) anomalous adsorption phemonena on Pt(lll)o
ANODIC" FILM FORMATtON ON PLATINUM
The details of the process of anodic oxidation of platinum surfaces in aqueous electrolytes has long been sought after by electrochemists, and the volume of literature on the subject is staggering (a bibliography can be found in the recent review paper by Conway (10) ). Using purely e1ectroana1ytica1 methods and carefully constructed arguments, Conway and co-workers (11) Recent work with UHV analytical techniques have produced results which are consistent with many aspects of the Conway model, particularly with respect to the place-exchange process. LEED analysis (3, 12) of the surface after anodization has been used to tRHE, a reversible hydrogen electrode in the same electrolyte.
identify unambiguously the onset of the place exchange process, and to give new insight into the process. The results of the LEED analysis of Wagner and Ross (12) for Pt(100) are summarized in Table I . The critical amount of anodic charge for the onset of place-exchange was found to be equal to that for a monolayer of an -OH type species, i.e. place-exchange is the process by which more than one -OH per Pt surface atom is accomodated. No evidence has been found by LEED that the place-exchanged layer is ordered, in fact it appears that place-exchange produces a disordered structure. Upon cathodic reduction following place-exchange, the displaced Pt atoms do not return to their original positions in the surface lattice, but they occupy fcc lattice positions on top of the original surface. Place-exchange only involving displacement of atoms .. from' the'-surface layer' necessaril''ycr~'ates'' il,three-1 eve1 'structure, the displaced-atom level, the original surface plane, and a vacancy level.
The LEED spot proft1e.analysis lnditatedil high d~gree of correlation in displaced-atoms and vacancies, which Wagner and Ross (12) have interpreted as an island-hole structure, i.e. cathodic reduction leaves adatoms and vacancies that migrate and nucleate into islands and holes, respectively. As might be expected from this picture, anodization to higher charges causing displacement of more than one layer leads to a more than three level structure and the evolution of a randomly stepped surface with a substantial degree of vertical displacement of atoms originally in the surface plane. 
UNDERPOTENTIALDEPOSITION OF METALS
When a metal-ion is either partially or completely discharged at the surface of a dissimilar metal, it is often the case that the free energy , of formation of the adatom state is more negative than the free energy of formation of the bulk phase of that metal. In such cases, the discharge occurs at a potential·uunder'~, .. i.e.,,·cathodic-·to, the potential for the deposition of the bulk phase, giving rise to the terminology underpotential deposition (UPD)o .Electrochemists have been interested in the details of this electrode process both because of its possible technological consequences in electrocatalysis (19) and metal deposition (20) and also because it is interesting surface chemistry in and of itself. The early studies of UPD employed polycrystalline electrodes on which one usually observed multiple states, leading to the reasonable supposition that the multiple states were related to the heterogeneity of a polycrystalline surface. Single crystal studies of UPD appeared in the electrochemical literature before the general availability of UHV systems and LEED, and prior to 1980 there were no reports of UPD studies that used UHV prepared single crystal surfaces (with surface structures confirmed by LEED analysis). The utility of the studies with mechanically polished x-ray (Laue) oriented crystals is therefore questionable, and key systems will have to be re-examined with the new analytical systems now available. UPD studies from the period prior to 1980 have been reviewed by Kolb (21) and by Lorenz and Juttner (22) . In spite of the uncertain reliability of these studies~ they have helped to define the key issues in what is really a much more complex chemical process than the stoichiometry would suggest. Certain common features were-apparent when UPD on low index single crystals was compared with observations on polycrystalline electrodes: i.) multiple states were observed even on well-ordered structurally homogeneous surfaces; ii.) the isotherm for a given state exhibited a narrower than Langmurian distribution function; iii.) assuming complete discharge of the ion, the coverage by adatoms at potentials approaching bulk deposition was often " .
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The complexity of the UPD process indicated by these early single crystal results produced an expected divergence of views on the interpretation, e.g. two-dimensional nucleation, phase transitions, solvation changes, etc., with the missing critical factor that would discriminate among these models being the structure of the adatoms on the surface. It was anticipated that UHV surface analytical methods might. provide this critical structure determination at least for some "classic" cases.
The use of UHV analytical systems for structure determination of UPD adlayer surfaces has an intrisic problem in that one cannot be certain that the structure observed in UHV is the same as the structure the adlayer has in solution. The problems and uncertainties arise due to the . preparation, Clavilier (7) produced voltammetry curves ( ..
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